Purpose. To determine the correlation between the distal anterior femoral cortical axis (DAFCA) and the femoral rotational alignment/axis. Methods. Magnetic resonance images (MRI) of 82 knees in 34 men and 23 women aged 16 to 47 (mean, 33.4) years were reviewed by a musculoskeletal radiologist. Their diagnoses included meniscal tear (n=4), chondromalacia (n=25), anterior cruciate ligament tears (n=11), and normal (n=42). In all patients the collateral ligaments were intact. The transepicondylar axis (TEA), posterior condylar axis (PCA), Whiteside line (WL), and joint line were drawn on the images, and the condylar twist angle (CTA), TEA-WL angle, DAFCA, epicondylar cortical angle (ECA), and condylar cortical angle (CCA) were measured. The correlations among ECA, CCA, and CTA (control) were assessed. Results. The mean distances between the joint line and the TEA, PCA, and DAFCA were 30. 2016;24(2):198-203 intersection between the standard axes (TEA, PCA, and WL) and the DAFCA were determined. There was correlation between the CTA and ECA (r=0.34, p<0.05), between the ECA and the CCA (r=0.80, p<0.0001), and between the CTA and the CCA (r=-0.19, p=0.08).
alignment can be accurately determined using any instrumentation system. [5] [6] [7] Rotational alignment, however, depends on anatomic and visual landmarks such as the transepicondylar axis (TEA), posterior condylar axis (PCA), Whiteside line (WL), and tibial shaft axis. 3, [8] [9] [10] [11] [12] [13] [14] [15] Matching the femoral component to the native femoral rotational axis facilitates a rectangular flexion gap and satisfactory patellofemoral kinematics. 16, 17 In primary TKA, anatomic landmarks (femoral sulcus, epicondyles, and/or posterior condyles) can be used to guide positioning of the femoral component. [8] [9] [10] Nonetheless, femoral morphology can preclude the use of standard bony landmarks and precise angular offsets when setting the femoral component rotation. 9, 16, 18, 19 The inter-individual variability of various axes has led to the use of the grand piano sign-the bimodal shape on the anterior femur post resection. 20 These axes may not be easily identifiable in some circumstances. In revision TKA, severe bone loss often distorts the landmarks, compromises soft tissue integrity (e.g. collateral ligaments), and makes it difficult to determine the rotational axis of the distal femur. 3, 14, [21] [22] [23] Hence, techniques using the anterior femur as a guide have been proposed, such as using a line passing through the most anterior axial projection of the medial and lateral femoral condyles, 24 or using the anterior surface of the femur 1-2 cm proximal to the trochlea. 25 Nonetheless, these distal femoral landmarks may also be distorted in severe cases with extensive soft tissue and bone loss.
The most distal and flattest anterior femoral cortex proximal to the condyles is a relatively flat surface that appears to correlate with rotational alignment of the femoral component in primary TKA. This study aimed to determine the correlation between the distal anterior femoral cortical axis (DAFCA) and the femoral rotational alignment/axis.
Materials and Methods
This study was approved by our institutional review boards. Informed consent was obtained from each subject. Magnetic resonance images (MRI) of 100 knees taken from January 2000 to May 2004 were randomly selected from the database of our institutions and reviewed by a musculoskeletal radiologist. MRI of patients aged >50 years were excluded, because the angular relationship between standard axes can vary due to arthritis that may selectively affect the medial and lateral femoral compartment. 26 MRIs were analysed using the MV1000 software (Siemens Medical Solutions, Malvern [PA], USA). 27, 28 Anatomic landmarks on the distal femur were identified: the epicondyles (traced from the attachment of the collateral ligament), the posterior condyles, and the femoral sulcus. The TEA, PCA, and WL were drawn on the images (Fig.) . There are 2 types of TEA: the anatomic TEA is the line between the peaks of the medial and lateral epicondyles, 15, 27 and the surgical TEA is the line between the medial sulcus and the lateral epicondyle, and is about 3º posterior to the anatomic TEA. 29, 30 Only the anatomic TEA was used, as the peak of the medial epicondyle is more easily discernible than the sulcus of the medial epicondyle. 8, 18 The PCA is the line between the most posterior point of the medial and lateral posterior condyle. 26 The WL is the line between the deepest point of the trochlea and the centre of the intercondylar notch. 29 The joint line is the distal femoral condylar surface. The average slice distance between the axes and the joint line was calculated, and the condylar twist angle (CTA) 8, 18 [the angle between the TEA and the PCA] and the TEA-WL angle 26 [the angle subtended by the intersection of the TEA and the WL] were measured. The DAFCA was defined as the most distal and flattest anterior femoral cortical surface ( Fig.) . The distance between DAFCA and the joint line was determined, and the following angles were measured: epicondylar cortical angle (ECA)-the angle subtended by the intersection of the TEA and the DAFCA, and the condylar cortical angle (CCA)-the angle subtended by the intersection of the PCA and the DAFCA.
The Spearman correlation among ECA, CCA, and CTA (control) were assessed. The TEA-WL angle was not used as control, and the DAFCA-WL angle was not assessed, because the WL has greater variability than the TEA or PCA. 29, 31 results Of the 100 knees, 18 knees had severe osseous trauma (osteochondral fracture or bone oedema). The remaining 82 (38 right and 44 left) knees in 34 men and 23 women aged 16 to 47 (mean, 33.4) years were analysed. The diagnoses of the 82 knees included meniscal tear (n=4), chondromalacia (n=25), anterior cruciate ligament tears (n=11), and normal (n=42). In all patients the collateral ligaments were intact.
The mean distances between the joint line and the TEA, PCA, and DAFCA were 30.8 (range, 15.1-39.6) mm, 22.1 (range, 10.1-30.0) mm, and 62.2 (range, 41.6-80.0) mm, respectively. The angles subtended by the intersection between the standard axes (TEA, PCA, and WL) and the DAFCA were determined (Table 1 ). There was correlation between the CTA and ECA (r=0.34, p<0.05), between the ECA and the CCA (r=0.80, p<0.0001), and between the CTA and the CCA (r=-0.19, p=0.08).
discussion
Malalignment of TKA components may lead to femorotibial instability, loosening of components, patellar maltracking, condylar liftoff, anterior knee pain, and abnormal polyethylene wear. 2, 3, 9, 17, [32] [33] [34] [35] Extensor mechanism-related complications are the most common and often lead to revision TKA. 36, 37 Optimal external rotation of the femoral component enables a more balanced flexion gap and a lateral placement of the trochlear groove, and improves flexion stability and patellar tracking. 9, 16, 17, [37] [38] [39] Excessive external rotation, however, can lead to rotational incongruence of femorotibial components, medial flexion gap widening with associated flexion instability, notching of the anterolateral femoral cortex, and compromised fixation secondary to less implant-bone contact. 10, 38, 40 Standard anatomic landmarks to determine femoral component rotation are often limited to primary TKA. [8] [9] [10] [11] [12] [13] In revision TKA with severe bone loss, endosteal referencing to determine coronal alignment and TEA for femoral rotational alignment has been reported. 3, 5, 14 Table 2 shows the landmarks/ techniques used to determine the femoral rotational alignment. [8] [9] [10] [11] [12] [13] 16, 18, 19, 26, 38, [40] [41] [42] [43] [44] [45] [46] [47] [48] MRI and computed tomography (CT) are useful tools to evaluate the rotation of the femoral component. 27, 28, 49 MRI is superior to CT in identifying epicondyles because the collateral ligament can be visualised. In a study using CT, the PCA was internally rotated relative to the TEA by 6.0°±2.4°, and the TEA-WL was 88.6°±3.3°. 26 This is consistent with our study, with the respective values being 6.9°±1.7° and 88.6º±0.4º. The TEA is considered the most reliable landmark to determine rotational alignment of the femoral component; it precisely determines the axis upon which flexion-extension movement occurs. 40, 41, 50 Nonetheless, TEA can have a high inter-individual variability, owing to the difficulty in identifying the optimal spot on the epicondyles for axis determination. 38 This may explain the wide variation in the TEA-PCA angle in the literature. Although the TEA-PCA angle is 3º to 5º of external rotation, the TEA is slightly more externally rotated to an angle of 6º to 10º. 8, 14, 16, 18, [26] [27] [28] 42, 51 It is important to differentiate anatomic from surgical TEA-PCA angle, which depends on which TEA is used. 18, 52 The anatomic TEA uses the peak of the medial epicondyle, whereas the surgical TEA uses the sulcus of the epicondyle where the deep collateral ligament inserts. The deep sulcus, however, is difficult to define intra-operatively. 9, 18, 19 When using MRI, the peak of the medial condyle is more easily definable, but other studies suggest that the sulcus may be better definable on cadaveric femora. 8, 52 Often the medial epicondyle may be flattened and the sulcus becomes more difficult to define. 18 The surgical TEA-PCA angle usually approximates to 3º, 8 whereas the anatomic TEA is 3º posterior to the surgical TEA. 29 This explains why the anatomic TEA-PCA angle (also known as the CTA) averaged 6.9º in our study, 3º more than the 3º previously reported. There is no consensus on whether anatomic or surgical TEA is closer to the rotational axis of the femur, although externally rotating the component 5º to 10º off the PCA improves patellar tracking, and suggests that the anatomic TEA may be closer to the functional axis for favourable patellofemoral articulation. 17, 18, [52] [53] [54] Angular relationship such as the CTA has high variability. 27 This can be due to the wide age range of the patient cohort (11-87 years) and osteoarthritic changes that affect the medial and/or lateral compartment. 27, 45 Asymmetric cartilage wear of the posterior condyles can affect the PCA; greater wear on the medial than lateral condyle decreases the CTA. The CTA in normal knees was reported to be 5.8º±2.7º. 26 The pathological process of the articular surface may vary, and the loci of rotational axes can be erratically distributed. 55 The CTA varies depending on the limb alignment; it is 6.4º in varus knees, 7.2º in neutral knees, and 8.8º in valgus knees. 18 Thus, it is important to use a reference that is not selectively affected by degenerative arthritis. In standard referencing jigs, they reference off the posterior condyles and rotate the femoral component by a standard of 3º of external rotation. 18, 28 This may be reliable when there is no wear or a symmetrical amount of wear of the medial and lateral posterior condyles, but it may be unsuitable when there is 18 Errors in measuring the standard axes are due to anatomic, morphological variation and/or diseaserelated changes. 40, 42, 45 Surgeons should understand this intrinsic variability and not depend on one method; the optimal rotational alignment should be confirmed using at least 2 axes. 16, 40 In our study, the epicondyles were identified by tracing from the insertion of the collateral ligament. This is permissible in MRI but not always reproducible intra-operatively. 16 The DAFCA should not be subjected to any arthritic process; the soft tissue overlying the distal anterior femoral cortex can be easily peeled off in routine primary and revision TKA. The DAFCA is internally rotated about 10º compared with the surgical TEA, and is a useful guide for the rotational axis. Nonetheless, the inter-individual variability of the DAFCA is higher than the PCA. Proper component rotation should be achieved when the femoral component is externally rotated by 10º to 15º compared with the DAFCA. Although other axes are useful in primary TKA, in revision TKA variable destruction may cause distortion of the posterior condyles, femoral sulcus, epicondyles, and collateral ligaments and make axis determination difficult. 3, 22, 23 The DAFCA is located approximately 6 cm from the joint line and should be clearly visible, unless there is any significant notching of the femur from previous surgery. In our study, the DAFCA correlated with the TEA, PCA, CTA, ECA, and CCA.
In patients with a tight lateral retinaculum and patellar baja, identifying the lateral epicondyle can be difficult. Condylar osteophytes may obscure determination of the WL. The DAFCA has been applied in our clinical practice and has resulted in good outcome (optimal patellar tracking). One limitation of using the DAFCA was a tendency to take a smaller posterior condylar cut that could potentially tighten the flexion gap. Nonetheless, in revision TKA, flexion gaps tend to be large, and being conservative in the posterior condylar cut can facilitate optimisation of flexion-extension gap tension.
conclusion
There was correlation between the DAFCA and TEA and PCA; DAFCA can be used to determine the femoral rotational alignment when the standard landmarks are distorted by severe soft tissue and bone loss.
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